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Tjfla-el^l^ ^ i^<*# (bandwidth)^ 1^ 3M€ (latency)^ 
bottleneck)^ sit}. o]i- 7fl^*}7l ^*1H SBD( simultaneous 
Bi-Directional ; ^l^U"^ ^ y o v ^)» ^5L?)%x\2] Q^o]^ A}-g-€ ofl 
3 olt}. SBD* A}-g-*}*r ^2.2]^!^ cflojEi ^HM^M 
HeH^fe r^o} ^(open drain type)°-S 7H*1^ 
(Cin)l- «}■ >ll ^r^l7l(Input receiver)^ 27fl^ v]5L7] (comparator) 

1- ^£ol^ 27fl^l 7)^^ ^ *}^S) 7l^^<y-(Vrefm)^- 0.5*VswingA 

3. 3L^s\31, 4^ 7l§^^-(Vrefd)^r #^ 3MeH S-Mt >M(V1) 

sq- bH^M #Efl(Vh)S. i£*Hr 7 fl*l£ ^2:^^^ input 

margin)^ *I^J£( linearity) ^H3# 50% ^ ojcf. 

S. 4 
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o]^. o]-g-s>^ ^l^^ {Simultaneous Bi-Direct ional Input output apparutus 
for memory interface and transmission method using the same} 
[51*14 ##tr €^1 

^4 ^Mltr £L4 f^*l °1*M4 

4 £^4 ##^r afl^M. 

£ l£ f^4 SBD 44^ £^o]r}. 

H 2fe £ H 5L*m ^sflS] SBD 1H4 ^^M: £^ 0 14. 

51 3^ £. H £-43 <93 ^414 ^ #3 H44^# u^iAfe 51^44. 

£ 4fe £ ^ofl 4"€- SBD 44^ £-^44. 

51 5^r 51 4^1 £-4^ £ 4^ SBD 44^ 51^4 

4. 

ten 4^1 £.43 «93 ^141- 444^ £^44. 

£ 7f £ 4^1 £43 VrefD generator 4 41" 44^ £^44. 
£ 8£ SBD #4^: 4-§-4fe ^£4^44 data ^#444 4 

output driver* 44^ tt £^44. 

£ 9^ SBD* 4-§-4^r 27fl4 C hip4 ^4-1- iL^fe All- ell <>1^ 
^£444. 
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S. 10 ^ 5. ll£ input receiver^] input margin ^ linearity -^ir ^ 
7RV ^4°14. 

£ 12 -J £ 13£ input receiver ^£ AUDI'S* m £ 3H4 sfi 

B}-g- 44^4. 

£ 14 ^ H 15^ Cin( input capacitance) ^THr 44°14. 

<14> £ i£tg£ tilH^^ofl $ ^4 *H5.4 °lEi3llolioll 

4°<H V ^ (Simultaneous Bi-Direct ional , SBD)4 <£#^ ^rtr 

°14. 

<15> c ^2fl^ SBD 44^TT £ 2^ S- H H4£ 

SBD 1M4 44^ H3°14. E3^£ H ^3 ^414 ^ 

#^ H4°14» ufE}-^ £#°14. 
<ie> ^Efl°] SBD «<H^r £ 1 ^1 £ 3°1]4 J±tt44 27fl4 Vref(Vrefh, 
V re fi)7> 3H4oll 4*ti ^3144-1- ¥7114 Vreff^ 444 u l 

H*H high Hfe low4 $}o]b\% ##*>4. ^13*-^ ^4<3 SBD3 
47>45. ^££4. ^4 mode^ #^ high SEtt low, °J^4 high SEtt low 

^g-t ^ $14. #^ol high <g ^-ffe S3 3 3H44 high 
channel ^ pad4 A o v 4^r high #Bfl(Vh)» 7}*14. Htr D J:4 low4 
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3 padxr 3H4 high4 lows] f^s] #Bfl(Vm)» 7>:*!4. ^1 °1 ^ 

swings) 0.75*11 Vreft- ^ ^ 44 0.25 swing margin^: 7}4^4 

^ 1 1 sa4. 

<i?> tiVcflS low^, ^^W high"?! padi ^*MN(Vm)l- 7>4 

H, low^l^ pad^r low ^-^(Vl)l- 7\AA] ^14. ^ middled low 4311- 

7H711 ^14. 444 ^l^^-^l^ Vref* 0.25 swing^l 44 0.25 swing 

s] margin^ AA^\ 3H4# t 
<18> ^sflS] output driver^ Inverter type^-S. input capacitance7> ?H -f-4 
^Al^^dl afl^ 7^2 $14. SBD ^H^fl- ol-g-*H 

Ai-^-j. o^vtgo.^ jg-Ajo]] #^4^ 44 4°1 *flv£°l bandwidth 

q. PIN ^ o^e-i ^oflAi j-g^ojt}. ^4, ^43<?1 $14. S3 3 

^4 Sltb noise marginal 2^ 44i4t11 €4. 

[Mj-igol ol^-jL^} ^fe-7l#^ 4*U 
<19> 444 £ o]s-ji4^ 7l#3 4*Htt, Vref ¥^1- €^*H 

input margin^- D=447lJL iE?V SBD tS#^ buffer^ input capacitancel- 
4 ^4 channel*!^ data margin^: ^444^ ^4 °<HH> #^#4(SBD)2l 
4*1* *H^Kr 31 $14. 
<20> ^- ^o] o]=iL4^ CfS 7l#^ 4*11^, 44 ^A] <£4^ 4^44 

(SBD)sl 4*H 4-8-4^ S3 3 ^441- afl^sRr 31 $14. 
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-^(SBD)^ <3M all^SHr 31 5U4. 

[^o] ^ $ *}-§-] 

^71 7^ 4« ^*>7l flfc £ « a ^H 4^ SlTO *d4flH 

(SBD)SI #*l*r, ¥ 7flSl ol-g-*H ^^S* 

711^1 7l§^^ tb 7]^^^ dM^i ^^(swing)^l f^efl ^(middle 
leveDS. Jl^sJJl, ^ m 7)&£°& ^ & ^ 7]&£#& 4 
sM cfloie] «4 *H(high)4 (1-ow) sflts ^ 7l^ 

^(open drain type)3 #^ H^H^ ^l*Kr 3^ **£-3. *>4. 
s> ^-71 4^ y]^A mm £ 4^ °<HH* 

ihksbd) <g#3 ^ 7fl2] 7i§#<y-a- ol-g-^rH 

1- ^^>JL, ^ 7flS] 71^^^ ^ 7fl^l 7}&#<£-& no]B\ ^(swing)Sl ^ 

^ltCmiddle leveDS. JL^s\H, ^ 7fl<^ 7lS£tf* 4^ 7113 7l§^^ 
J= 7fl O) 7l§^<y-4 ojgj AijrS- ^8 $ 

4. 

4> >S-7l ^ 4€: 71^3 4*H* ^*>7l W £ lH*H 4^" 3 

^ oi^a]^- #T£is}±: &7\]\ ^ 7flS] 71$^^ 711 3 7l^°Mr 31 °1 4 
i^(swing)^ ^7_>3ll2(middle leveDS uL^SRr #7)1; ^- 7fl5] 7^^^ 4 
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s *v 7 flo) 71^^°^ ^ *H(high)Sf a 

<25> £ ^4 ^rgo| ^ ^ £ 

S.^^ ^g-tj] o}^}7] ^^Tr £ «}#^^ i^Rr 

£T £ ^ ^ w. £ i£6fl 7)^ vfl-g-i: ^SHo}:^ 
<26> o^}, ^«-*V %2if>}°) £ tr' ^H* ^^^SMi, 

< 27 > 51 4^r £ ^r^^l 4^- SBD E.£°lJL 51 5^r £. 4<*fl 51*1 

£ ^. ^o)i 4^ SBD 51^14. 

<28> £ ^oflA^ JfjflSl 7l^^^(Vref)l- 7Hfe ^ 7)^°^ 

Vrefm level (0.5*Vswing)5L 5tU, VrefD generator^ 

og^^. y>^cf. VrefD generatori^ f^f- data^ <4eM levels 

1HM?!4. VrefD^ level JEE*> ^tr^. 

tt Vrefrfe 0.75*Vswing levels. ^slJi, VrefL levels 0.25*Vswing levels 

IOt^H^ VfrefD^ level^r input data swing^l 'high 
levels 'low levels ^^H^. 
<29> ^ 6£ 51 4i ^ ^r^l7l(Input receiver)* M-^Hfe £.^^4. 



1020020087887 #3 °^\- 2003/9/2 

<so> Input receiver^ ^fls] 7l^lJl(Vref )* ^HKVfe- differential amp^ 

^£flS ^4. ^ 7fls] 7l^S(VrefM, VrefD)7V z\)o)e] ^Jlt 

^#*>7l ^*fH ^ 7l§ *!3lf^ 7l§ ^ljL(VrefM)^ JL^JL, 4^- 

7]& A]Ji^ #^ HH^oU tr^-eH i^^Tfl 3<H channel 41 ^ ^^tt 4l3^r U" 
# ^ igtt. 

<3i> ojo) ^iL^, no]B\7\ low high ^ 

-ft- output ol higlHJELS VrefDfe high data level^r #7(| VrefM^r 

middle levels. -H^jsH $14. °1 ^ input receiver(dif ferential Amp^ «§£fl 
)2\ VrefftPf Din^- ^ °-S ^>-§-^>fe diff. ampfe channel padW middle 
data levels. 5]ES, ^ 0 ^°1 VreflHHS #§H <>Hf s d <g$* 

^1 nsi^ Din4 VrefDChigh data level')* ^ °-S diff. ' 

amp^ ^ofl 'low'S M-iTfl €4. 

<32> $}o]&\7} high tf^Mjl high ^-fl- Ji^, output °1 

high^S VrefDfe high data level* 5^X1 3^, VrefM^r middle levels JL^ 
s\o] oit}. o] nfl i n p U t receiver(dif ferential Amp^ ^30^ VrefDC'high data 
lever)4 Din* ^ °-S ^>-§-^>^ diff. amp^ channel padH high data 
states S]£I, ^ <S^£| <y^o) VrefD^SS 
^r^cf. zlbJtjI Din4 VrefMCmiddle data level')* ^°-S ^ diff. amp^l 
^^-oll 'high'S ^4. 
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<33> 4^ ^ 7 fl5l ^ mode, ^ high, low^li loweHH 4€ 

^ 0.25 swing^l 7fl*H ^14. 

<34> c 7 o. £ 4<Hl 5*1 £ VrefD generator^ ofll- 44^fe £ 7# 

#2^, datai 44*1 7l§£tf levels 4?l§4. 3=H 7lMtt*l 

transition^- boosting^ *13.» Ji4 Jl4*M4. 

<35> £ 8£ SBD 4-8-*>fe- ^12-^^1^ data 7] ^ 

$ output driver* 44^fe 5L^°14. °1 output driver^ open drain type^- 
3. ^H*H Cin(input capacitance)* 4»1 *r$4. f-^ channeHH4 data 
margin^ 

< 36 > £ 9 ^ SBD» 4-§-^ 27fl3l chips] ^-g- iL^fe *1#3H^ 

<37> je 90^ ^ £1*1)4 ^-w]^ n^S) ¥ chip<M #^*rfe 1GHz4 

2GHzSl *1J:°14. Ail #*fl ^ chip<*W #3£ ^4 channeHH ^ 

*1 -#Efl-H iL<^ ^JL 514. °1 ^IJlfe ^ chip^l input receiver^ °J?l(Din) 0 l 
£4. SEtr Vrefm^r channel^] middle levels JL^sH ^Jl, VrefD(< chip 
#2^1 VrefD)^ data<*fl 44*1 high level4 low levels ^*>7fl ^4. 

<38> vfl h}^4 4^4 n^£r chip #14 chip #2<*1M4 receiver^! 4 

4 614. chip #14 receiver^ chip #2^ ^44 ^4* 
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chip #2 receiver^ chip #14 144 ti» £ ^ 5U4. 

cr|^ Bi^fl zl^£ input receiver^ ifl^ 4!:M 4^# t-H &4. 

<39> 42fl4 1 1, £ 10 ^ £ ll£ input receiver 2] input margin 

linearity ^4^> 44°14. £ ^4 input receiver^ 4<£4 

input receiver^ u]]fi.f>}<%t± . PVTCProcess, Voltage, Temperature) 

input receiver^ °^(Din) levels ^sH^l 1 ^ input receiver %%$\ £ 
SKdelay)* 4*fl4 S. 14 144 f^4^ ^ PVT £SH 

rfltr input receiver^ #^^^r a|tfl 250ps«fl*l HOpsS. £ ^ $14 

5E*r input levels 400mv<M 50mvS £sM^l °fl input receiver 4 #§14 
^gj.^ ^efl7l^ tfl«l 190ps°lH 95psS #±%^r <£ ^ &4. 44*1 
input margin^" linearity 50% 7fl*i£4. 

<40> [s. 1] 





PVT variation 


Signal margin | 




TT-SS 


SS-FF 


FF-TT 


AV(400-50mV) 




130 ps 


250 ps 


120 ps 


190 ps 1 




55 ps 


110 ps 


55 ps 


95 ps 



<4i> s, 12 ^ 5. 13, 4-Hfl4 3. 2fe input receiver 41"3l 0 l*itr ^ 

<42> 



<42> 1020020087887 



#3 2003/9/2 



IS. 2] 





Device #1 


Device #1 


Operation 
Region 


Case 1 


High data 


2Gbps data 


CD - © 


Case 2 


Low data 


2Gbps data 


© - © 


Case 3 


2Gbps data 


2Gbps data 


<D-<3> 


Case 4 


/2Gbps data 


2Gbps data 


(2) 



<43> ol-Bflo] S 3, H 14 ^ £ 15^ Cin(ihput capacitance) A ^ik ^7}^ ^ 
4 oltf. SBD^: ^S.e|^l^ data ^^^r IHM^l Cint- ^-Tfl 

^ ^s. o-el^j-c].. ^hgsj SBD 1/0 buffer (open drain type output driver^ 
<& input receiver)^ #Bfl^ 7]£$\ SBD buffer^] Cin(input 

capacitance)^- *}xL& °^ ?r*l # #2:341 ^ A% worsts 

<*fl Cin2] 47.5% ^ ° s v ^ Sa4. Cin°l ^ channel 

data margin^ ^HN^-. 

<44> [5. 3] 







PAD 


Parasitic 


Input 
receiver 


Output 
Driver 


Total 




250 fF 


400 fF 


350 fF 


100 fF 


800-1300 fF 


1.90-2.40 pF 




250 fF 


400 fF 


350 fF 


50 fF 


210 fF 


1.26 pF 
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o>u)rf. zejES £7)^ -§-^ *H"§" A£ °}^*\ 4 

^ ^ ^ ^H?}" 7F§-^t}^ ^ °l*fl^ ^ol4. nJ-eH, £ 

jis ^£ s^i^^^o] 7 |^^ A >Aj-6fl sq«fl 

<46> aj.fi). ^-ol ^ofl 4^ ^^(sbd)^ # 

Vref ^St- £3*H input margin^: ^ SBD buffer 

input capacitance* channeMH^ data margin^ 
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^^(SBD)Sl °dt^ 
7fl5l 7l^^^ ^^(swing)sl ^^Vellt (middle level) 3. H^^U, 

j= 7 flo| 7l^^l^ 4^ tV 7flSl 7l^^^ #^Ji°11 4^ cflolEl ^ 31 
121 ^Ol(high)^ S-f (low) SHIS. ^1-Jl, ^ 7BS1 7l^^l<y-4 tlSLSL 

Ai^l- ##*Kr ^71; £ 
r^jo] « o VA]( 0 pen drain type)s| #3 2=2H*11- ^l*Kr ^ 
£.3. *Rr Jg-^l ^« 0 v^ ^^^(SBD)^l 
2] 

^1 ^^ w o v ^(SBD) #*1^ ^7H1 9X°\*\, 

^ 7flfil 71^^^ °l-g-SH ol^Aljr-i. ^^>JL, 

^ 7fls1 71^^^ tr 7flSl 71^^^ cflol^l ^(swing)^l f^lt 
(middle leveDS S^^JL, 

- 7fl o| 7l§^^ cfs. 7 fl o] 7 ]^<y-£. ^xi^ofl nj.^ dlolE-1 

^ ell^^l SHOiigh)^ S-f (low) eflfS. €*>al, 
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3] 

¥ 7fl^ 7l^^^ °l-g-«H oj^Ai^l- ##*Hr #31; 
¥ 7fl^ 7lS*LW ^ m ^(swing)^ «H« 

(middle level )S -H^Vfe- #31; 

^ 31 *H(high)s}- S-^-(low) efl^S. ^s^Kr #7fl; ^ 

^ 3# ^ 214^. 
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Vh & VI, VI & Vh 



Both VI 
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3] 
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400mV 



400 350 300 250 200 150 100 50 Input level 
[mV] 
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[£. 12] 
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13] 







Receiver 
Output 
(Device#1) 
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[51 14] 

Yk 10-15 



2100000 — 

205.0000 












200.0000 — 


X^ 










195.0000 — 
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TT, 1.8v,55°C SS, 1.62v, 11 0°C FF,1.98v,0°C 
[£ 15] 
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TT, 1.8v, 55°C SS, 1.62v, 110°C FF, 1.98v, 0°C 



